Campylobacter jejuni is one of the most common causes of bacterial diarrhea worldwide and is the primary bacterial cause of food-borne illness. Adherence to and invasion of epithelial cells are the most important pathogenic mechanisms of Campylobacter diarrhea. Molecular characterization of invasive and noninvasive Campylobacter isolates from children with diarrhea and symptom-free children was performed by random amplified polymorphic DNA techniques (RAPD). A distinct RAPD profile with a DNA band of 1.6 kb was observed significantly more frequently among invasive (63%) than among noninvasive (16%) Campylobacter isolates (P ‫؍‬ 0.000005). The 1.6-kb band was named the invasion-associated marker (IAM). Using specifically designed primers, a fragment of 518 bp of the iam locus was amplified in 85% of invasive and 20% of noninvasive strains (P ‫؍‬ 0.0000000). Molecular typing with a PCR-restriction fragment length polymorphism assay which amplified the entire iam locus showed a HindIII restriction fragment polymorphism pattern associated mainly with invasive strains. Although cluster analysis of the RAPD fingerprinting showed genetic diversity among strains, two main clusters were identified. Cluster I comprised significantly more pathogenic and invasive isolates, while cluster II grouped the majority of nonpathogenic, noninvasive isolates. These data indicate that most of the invasive Campylobacter strains could be differentiated from noninvasive isolates by RAPD analysis and PCR using specific primers that amplify a fragment of the iam locus.
Campylobacter jejuni is the most common cause of diarrhea in children of developing countries (4) and the primary cause of food-borne enteritis in industrialized regions (21) . Variability in the clinical expression of Campylobacter infection has been observed for many years. In a study on the natural history of this infection in children, the clinical picture ranged from asymptomatic infections to secretory diarrhea and, less frequently, inflammatory diarrhea (4) . Other clinical presentations of Campylobacter infection are meningitis (12) , bacteremia (32) , localized extraintestinal infections (5) , and immunoreactive complications such as Guillain-Barré syndrome (17, 24) and reactive arthritis (2) . This wide range of clinical manifestations cannot be explained as pertaining only to the host's response; characteristics of the bacterial pathogen may contribute. Recently, some phenotypic traits of infecting strains have been associated with the clinical presentation. In enteritis, three pathogenic mechanisms have been proposed: production of a cholera-like enterotoxin (28) , production of a cytotoxin (35) , and the ability to adhere to and invade epithelial cells, as demonstrated in vitro (6, 22, 30) . The latter is considered essential for intestinal infection and production of disease (14) . There is a good correlation between the clinical presentation of diarrhea and the isolation of Campylobacter strains that adhere to and invade HEp-2 cells. In a study in Mexico, we found that 70% of C. jejuni and Campylobacter coli isolates from children with diarrhea were invasive, as determined by the HEp-2 cell chamber-slide monolayer method, while 83% of isolates from asymptomatic children were nonadherent and noninvasive (29) .
Variability in the clinical expression and in the phenotypic traits of isolates may be related to genetic diversity of Campylobacter strains. Several studies have focused on the characterization of C. jejuni adhesins and binding factors that enable some strains to adhere to and invade epithelial cells (10, 13, 31) . Most of these genetic studies, however, have employed a single strain or reference strains, and to date no studies have examined genetic diversity in a population of Campylobacter isolated from symptomatic and symptom-free infections and its relation to adherence and invasion of epithelial cells.
Random amplified polymorphic DNA (RAPD) is a PCRbased molecular method that has been widely used for bacterial inter-and intraspecies discrimination (36, 37) . The RAPD methodology does not require previous knowledge of the DNA template to be analyzed, and only a small quantity of DNA is needed to generate a fingerprint. Single, short, arbitrary nucleotide sequences can be amplified by PCR assay under low stringency conditions, thus generating polymorphic fingerprints that may be used for clustering pathogenic and nonpathogenic organisms and for demonstrating genetic diversity (25, 39) .
The present study was designed to evaluate whether RAPD techniques could be applied to (i) identify genetic markers of pathogenicity in Campylobacter and (ii) generate fingerprints that distinguish invasive from noninvasive Campylobacter strains. Here we report the identification of a new, chromosomal 1.6-kb genetic marker of Campylobacter strains that was preferentially associated with adherence to and invasion of HEp-2 cells in vitro and was named the invasion-associated marker (IAM).
Subsequently, using RAPD-generated fingerprints to construct dendrograms, we identified clusters of Campylobacter isolates which carried the IAM and were invasive and diarrhea associated.
MATERIALS AND METHODS
Bacterial strains and growth conditions. A total of 119 Campylobacter strains from Mexico were studied, 60 from children with diarrhea (56 C. jejuni and 4 C. coli isolates) and 59 from asymptomatic children (53 C. jejuni, 4 C. coli, and 2 Campylobacter sp. isolates) (4, 29) . Campylobacter strains were routinely subcultured at 42°C under microaerophilic conditions on brain heart infusion agar plates supplemented with 0.4% activated charcoal. C. jejuni 287ip (invasive and IAM positive) and 49sp (noninvasive and IAM negative) were used as prototype strains.
Adherence and invasion assays. All Campylobacter strains were tested for adherence and invasion in HEp-2 cell monolayer chamber-slide assays, as previously described (18, 29) . This technique allowed discrimination between strains with high and low indices of adherence to and invasion of HEp-2 cells; Campylobacter strains with Ն20% association were considered invasive. Using this method, 70 strains were invasive (66 C. jejuni and 4 C. coli) and 49 were noninvasive (45 C. jejuni and 4 C. coli).
DNA extraction and RAPD fingerprinting. Genomic DNA was isolated using the guanidinium thiocyanate method (27) . For initial screening, RAPD fingerprints were generated for 21 strains by using seven different arbitrary primers of 10-mers each, with different GϩC contents: R2, 5Ј-AGTACAGGTC (11); 1290, 5Ј-GTGGATGCGA; 1283, 5Ј-CGATCCCCA; 1247, 5Ј-AAGAGCCCGT (1); HLWL74, 5Ј-ACGTATCTGC; HLWL85, 5Ј-ACAACTGCTC (20) ; and Wil2, 5Ј-TCACGATGCA (38) . Approximately 10 ng of purified Campylobacter genomic DNA was used as a template for RAPD amplification in a volume of 20 l containing 10 mM Tris-HCl (pH 8. , was designed and used to amplify an ϳ1,360-bp fragment from genomic DNA of invasive and noninvasive Campylobacter strains. DNA amplification consisted of 30 cycles of 30 s at 92°C, annealing of primers at 49°C for 1 min, and extension at 72°C for 1 min. A final extension cycle at 72°C for 10 min was included. To determine whether there were any differences in DNA polymorphisms between invasive and noninvasive strains, a PCR-restriction fragment length polymorphism (PCR-RFLP) of the iam locus was done by digesting PCR-amplified products with HindIII endonuclease, and the profiles were checked in horizontal agarose gels.
Southern blot analysis of PCR-RFLP products. PCR-RFLP products separated in agarose gels were transferred to nylon membranes by capillarity, using 6ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate). Membranes were probed with the entire DNA sequence of the IAM fragment labeled with digoxigenin-11-ddUTP (DIG-ddUTP) by random priming (DIG DNA labeling kit; Boehringer). Hybridization was carried out at 45 to 48°C. Prehybridization, hybridization, washes, solutions, and detection of the DIG-labeled probes were done according to the manufacturer's recommendations (Boehringer).
Computer-assisted analysis of RAPD fingerprints. Numerical analysis of the RAPD fingerprinting data was done to examine associations between the genotypic heterogeneity of the iam locus, as detected by PCR and RAPD techniques, and the host's status, invasive or noninvasive phenotypes, and PCR-RFLP patterns. Primer 1290 RAPD amplification gel images of all 119 Campylobacter isolates were digitized with a Gel Doc 1000 system (Bio-Rad Laboratories, Hercules, Calif.) and stored as tagged image file format files; images were later converted, normalized, and analyzed with GelCompar software, version 4.0 (Applied Maths, Kortrijk, Belgium). The similarity matrix and clustering dendrograms were calculated using the Jaccard coefficient and Ward algorithm, respectively. Bands with faint intensity and high molecular weights were not reproducible and were excluded from the final analysis. Campylobacter strains with a level of similarity of Ն95% were considered to have the same RAPD type.
Statistical analysis. A basic descriptive analysis was done using percentages. Associations were determined using the 2 test. Results were considered significant when P was Յ0.05. All statistical analyses were done using Stata 7 (Stata Corporation, College Station, Tex.).
Nucleotide sequence accession number. The iam locus, including the 518-bp DNA fragment described in this study, was registered by us in GenBank with accession number AF023133.
RESULTS

Identification of an RAPD marker associated with invasive
Campylobacter strains. Seven primers were selected for initial screening by RAPD fingerprinting of 21 Campylobacter strains (15 invasive and 6 noninvasive). Four of these primers (Wil2, 1290, 1283, and 1247) produced distinct fingerprints. Primer 1290 produced the most distinct pattern, with up to 13 bands ranging in size from 0.2 to 3.0 kb, and was selected to test the remaining 98 invasive and noninvasive Campylobacter strains. All strains were typeable (Fig. 1) , displaying patterns that allowed discrimination of strains with high adherence and invasion indices from those with low indices. A 1.6-kb band was predominantly found in invasive strains (44 of 70; 63%) but was present in very few of the noninvasive isolates (8 of 49; 16%; 2 ϭ 25.15; P ϭ 0.00000053) ( Table 1 ). This is the fragment that was named the invasion-associated marker.
Specific amplification of the 518-bp fragment of the iam locus. When the iam locus was amplified by PCR using an internal pair of primers, 1.6F and 1.6R, as expected a unique 518-bp PCR product (Fig. 2) was detected in 60 of 70 (85%) invasive strains, whereas only 10 of 49 (20%) of noninvasive isolates presented this band ( 2 ϭ 45.12; P ϭ 0.0000000) (Table 1). According to species, 64 of 109 (58%) C. jejuni, 5 of 8 (62%) C. coli, and 0 of 2 Campylobacter spp. were iam PCR positive. The sensitivity of the PCR was 85% and the specificity 74%, with a false-positive rate for true negative (noninvasive) of 25%, and a false-negative rate for true positive (invasive) of 14%. In addition, Campylobacter iam PCR positivity was a significant risk factor for intestinal infection associated with diarrhea (odds ratio, 18.53; 95% confidence interval, 2.21 to 6.38). This 518-bp iam locus fragment could not be amplified from the DNA of the following microorganisms: Candida spp., Enterobacter aerogenes, E. coli, Klebsiella pneumoniae, Lactobacillus reuterii, Pseudomonas aeruginosa, Proteus mirabilis, Proteus vulgaris, Salmonella enterica serovar Typhimurium, Shigella dysenteriae, Shigella sonnei, Staphylococcus aureus, Streptococcus faecalis, Vibrio cholerae, and Yersinia enterocolitica. To confirm that the 1.6-kb band was a homogeneous DNA fragment, a 518-bp iam locus DIG-labeled probe was hybridized in Southern blots with RAPD fingerprints from the 119 Campylobacter isolates. Only the 1.6-kb product from the RAPD amplification hybridized with the DIG-labeled probe (data not shown).
PCR amplification using degenerate primers and PCR-RFLP analysis of the iam locus. To determine the genetic polymorphism of the iam locus, we used degenerate primers (p77F and p1415R) to amplify a fragment of ϳ1,360 bp from the 119 strains. In 115 (96.6%), we were able to obtain PCR products. A unique band of the expected size was amplified in 113 of 119 (95%); in addition, a PCR product of ϳ0.8 kb was observed in 2 noninvasive strains. Three main HindIII RFLP genotypes, named H1, H2a, and H2b, were observed for the 1.3-kb degenerated PCR products (Fig. 3) . The majority (52 of 60) of the invasive and iam PCR-positive strains were typed as H1 (Table 2) , which showed a characteristic RFLP pattern by digestion of the 1,360-bp PCR of two fragments, 0.78 and 0.58 kb, cut at the site expected for HindIII (Fig. 3A, lanes 1 to 9) . On the other hand, the majority (30 of 39) of the noninvasive, PCR-negative strains were typed as H2b. None of the PCR products of the H2b pattern were cut with HindIII (Fig. 3A,  lanes 10 to 12, 14, 16 and 17 ). Ten strains, four of which were invasive, were typed as H2a. This PCR-RFLP pattern yielded 0.4-and 0.96-kb fragments (Fig. 3A, lanes 13 and 15) . PCR-RFLP analysis and hybridization with the DIG-labeled 1.6-kb Invasive (70) 44 (63) 26 (37) 60 (85) 10 (14) Noninvasive (49) 8 (16) 41 (84) 10 (20) fragment showed a strong homologous signal with H1 patterns and showed a less strong signal for H2a and H2b patterns (Fig.  3B ). These findings show that fragments amplified with the degenerate primers were homologous to the iam locus. Cluster analysis of RAPD fingerprint patterns and relationship between host status, invasive phenotype, and genetic markers. The genetic relationship between isolates based on their RAPD fingerprinting is represented in the dendrogram shown in Fig. 4 . Using primer 1290, we found 42 RAPD types among the 119 isolates. Analysis using the Jaccard coefficient followed by Ward algorithm revealed two major clusters. Cluster I, at a similarity level of 67%, contained 63 strains in five subgroups (Ia to Ie), each of them with 6 to 21 isolates. Prototype invasive strain 287ip was clustered in Ib, with a similarity level of 89%. Subgroups Id and Ie were not distinguishable by RAPD fingerprinting. Cluster II, at a similarity level of 54.8%, comprised four subgroups (IIa to IId), each one containing 6 to 24 isolates. Subgroups IIc and IId showed distinctive fingerprints with clonal characteristics, including the prototype noninvasive strain 49sp.
The strains' denomination, host status, invasive phenotype, presence of the genetic marker, and PCR-RFLP patterns are also shown in Fig. 4 . The number of strains isolated from patients with diarrhea was significantly larger in cluster I (42 of 63) than in cluster II (18 of 56) ( 2 ϭ 14.02; P ϭ 0.00018). More significantly, the majority of invasive strains were grouped in cluster I (52 of 63 versus 18 of 56; 2 ϭ 30.83; P ϭ 0.00000000). PCR-RFLP genotypes were homogeneously distributed between the two main clusters. Of 63 isolates from cluster I, 61 were genotype H1; the remaining 2 isolates could not be typed. All 49 isolates belonging to genotype H2 were grouped in cluster II; 10 were genotype H2a, 9 of which belonged to cluster IIb. The remaining 39 were genotype H2b and were distributed in clusters IIa, IIc, and IId. The PCR fragment of iam was amplified in 62 of 63 isolates from cluster I and in only 8 of 56 from cluster II ( 2 ϭ 85.90; P ϭ 0.00000). The fragment was amplified in most of the invasive strains (52 of 56) of cluster I and in more than half of the invasive isolates of cluster II (10 of 18). None of the 38 noninvasive strains from cluster II carried the iam locus. The 1.6-kb band of RAPD fingerprinting was observed in 40 of 63 strains from cluster I and in 12 of 46 from cluster II ( 2 ϭ 21.14; P ϭ 0.0000043).
DISCUSSION
An undeniable benefit of studying well-characterized populations of Campylobacter isolates selected from symptomatic and symptom-free individuals and phenotypically defined as invasive or noninvasive is that when using methods that can screen complete bacterial genomic DNA, such as RAPD, it is possible to group strains according to their genotypic and phenotypic features and to identify genetic markers of virulence.
Results of the present study demonstrate genetic differences between invasive and noninvasive Campylobacter strains. A strong association was found between the invasive phenotype, a particular RAPD fingerprint, and the presence of a specific DNA region of 1.6 kb. This DNA fragment was identified significantly more frequently among invasive strains than among noninvasive strains and was equally distributed among C. jejuni and C. coli isolates.
RAPD has been used to identify specific DNA regions associated with a given phenotype of different microorganisms (11, 25, 38) . A novel DNA marker, with significant similarity to some negative transcriptional regulators, was identified in epidemic clinical strains of Burkholderia cepacia isolated from patients with cystic fibrosis (19) ; this DNA marker was absent in nonepidemic and environmental strains. Recently, using random amplification of different O serotypes of C. jejuni isolated from patients with Guillain-Barré syndrome, an association of a clonal population with virulence was observed (9) . Moreover, an RAPD marker of 1.4 kb that differentiated O19-positive from O19-negative C. jejuni strains was cloned, sequenced, and characterized (23) . In our study, RAPD techniques proved to be excellent molecular tools for typing Campylobacter strains, consistent with other reports (9, 20, 23) . Although several investigators have successfully used RAPD in Campylobacter isolates as an epidemiological tool to identify the source of infection (20) , we are unaware of studies that apply this method to discriminate between invasive and noninvasive clinical isolates.
RAPD techniques allowed us to compare polymorphisms of the entire bacterial genome in a population of invasive and noninvasive strains and to identify an invasion-associated DNA marker. However, we found that some of the invasive strains lacked this RAPD marker (Fig. 1, lanes 2 and 9) . This could be explained by mismatching sequences at the binding site of random primer 1290 due to a greater polymorphism among invasive strains or by a low sensitivity of RAPD. To improve the sensitivity and more accurately differentiate invasive strains, we designed a PCR using specific primers that amplified a fragment of the iam locus. This PCR appears to be useful for the identification of invasive strains, since it accurately classified 82% of strains, with a sensitivity of 87%. However, this method misclassified as positive 10 of 49 noninvasive strains (specificity of 74%; false-positive rate for true negative of 25%). We do not have a clear explanation of why this DNA locus present in invasive strains also was amplified in some noninvasive strains, but we could speculate that there may be internal mutations in the IAM fragment of noninvasive strains. It will be interesting to sequence the amplicons from these PCR-positive noninvasive strains and to compare them with amplicons from PCR-positive invasive strains. The fact that some invasive strains also were not identified by PCR supports the existence of important polymorphism and high heterogeneity in the iam locus or suggests that there may be other genetic markers of invasion in different loci. In previous studies on the molecular characterization of genes associated with the phenotype of adherence to and invasion of epithelial cells, several Campylobacter strains have been studied and some genetic loci have been identified: peb1 (26), peb4A (3), cadF (15) , and fla (13, 34) , and more recently the gene that encodes antigen B (16) and the galE gene, involved in lipopolysaccharide synthesis and virulence (8) .
When polymorphism of the iam locus was further explored in all Campylobacter strains by PCR-RFLP with HindIII endonuclease, it was possible to amplify this locus in most of the isolates by using degenerated primers. Invasive strains had a specific HindIII site (genotype H1), while most of the noninvasive strains lacked this site (genotype H2b), and a few invasive and noninvasive strains had this restriction site at a different position (genotype H2a). These findings confirm the polymorphism of the iam locus and the genetic diversity of strains. It will be important to sequence the iam locus from invasive and noninvasive strains that have a different polymorphism to determine whether there are changes in other sites of the locus which could have been overlooked by RAPD or PCR-RFLP.
Dendrograms constructed by numerical analysis of the RAPD fingerprints also confirmed the genetic diversity of isolates. Two main clusters were clearly defined. Cluster I grouped most invasive strains from diarrhea cases, which corresponded to the H1 genotype of RFLP and were iam PCR positive. By contrast, most strains from cluster II were noninvasive, were isolated from asymptomatic individuals, corresponded to genotype H2b of RFLP, and were iam PCR negative. In cluster II there was an interesting subcluster that grouped invasive isolates from asymptomatic individuals; these strains had an H2a genotype, which has a HindIII site in a different position from H1, and some were iam PCR positive. These genetic differences with H1 genotype strains could explain differences in virulence, since all but one of the strains were isolated from symptom-free individuals.
Another important finding was the presence of RAPD genotypes where strains had identical fingerprintings, i.e., clusters Id, Ie, and IId, which is a characteristic of clonal populations. Clonality has also been observed in some C. jejuni strains isolated from patients with Guillain-Barré syndrome (9, 23) . It is then possible that some virulent Campylobacter strains are clonal populations. Finally, the presence of this molecular marker of invasion is not restricted to C. jejuni but is also present in C. coli. It would be interesting if this marker were carried by other less common Campylobacter species, such as C. lari or C. jejuni subsp. doylei.
We propose the use of RAPD or even more specific PCR assays as molecular tools for typing and studying different populations of invasive and noninvasive Campylobacter strains. Using a single PCR, we were able to detect most of the invasive isolates studied. These findings suggest that RAPD and PCR assays are effective molecular methods to discriminate invasive from noninvasive Campylobacter strains.
